FIBER LASER AMPLIFIERS
AND OSCILLATORS

KJT Inc.
Kenneth J. Teegarden

DTIC

s ELECTE
‘ DEC16 1993D
E ™

93-30399
\mmnmm\\mn\mw\||\

" Rome
Air Fops Matone! Command
- Griffiss Air Force Base, New York




Best _
Available

Copy




REPORT DOCUMENTATION PAGE | Guis aersctichies

wmwmumaw-mumu mnmmnmhmm searching @isting data sources,
gathenng and maintaining the data nesded, and compisting and reviswing the collaction of Iformation. Send cormmants regerding this burden estimete of ary ather aspect of this
colection of Iformasion, Inckuding suggestions for reducing this burdan, to Weshingon Heatguartars Services, Drectorste for inforrnation Operations endRepons, 1215 Jefferson
Davie Highway, Scte 1204, Ainggon, VA 22202-4302, anci to the Office of Manesgemaert snd Bucigst, Papsrwork Reclction Project (0704-01 88), Washington, DC 20563

1. AGENCY USE ONLY (Leave Blank) 2 REPOAT DATE 3. REPORT TYPE AND DATES COVERED
September 1993 Final Feb 92 - Feb 93
4. TITLE AND SUBTITLE 5 FUNDING NUMBERS
FIBER LASER AMPLIFIERS AND OSCILLATORS C - F30602-92-C-0037
PE - 62702F
8. AUTHOR(S) PR - 4600
TA - P2
Kenneth J. Teegarden WU - PL
7. PERFORMING ORGANIZATION NAME (S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
KJIT Inc. REPORT NUMBER
82 Westland Ave
Rochester NY 14618 N/A
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER
Rome Laboratory (OCPA)
25 Electronic Pky .
Griffiss AFB NY 13441-4515 : RL-TR-93-186

11. SUPPLEMENTARY NOTES
Rome Laboratory Project Engineer: Reinhard K. Erdmann/OCPA/(315) 330-4455

12a. DISTRIBUTION/AVAILABIITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Madvm 200 words)

A tunable erbium doped fiber ring laser, pumped with a 980 nm diode laser was
constructed. Output power as a function of pump power and output wavelength for g

a given fiber length was measured. Spectral and temporal analysis of the signal
showed mode-locked pulses of short duration and broad frequency content, as well .
as a CW component confined to a relatively narrow optical frequency range. The O
mechanisms for this type of mode-locking are discussed as well as the limitations
placed on the lasing line width and spectral tunability. I

Distribution|

e e

Avﬂi-‘*b%iiy Corles

il I8
Dist 5 il _ﬂ/ o
-/ f
14. SUBJECT TERMS ! 4
Fiber Laser, Erbium Doped, Ring Laser, Mode Locked 1€ PRICE CODE

17. gcunmr CLASSIFICATION 18. SECURITY CLASSIFICATION |19, SECURITY CLASSIFICATION (20. UMITATION OF ABSTRACT

OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 754001-2803800 Stanca F o 298 Rev

Prascribed by ANSI Std. Z"QB?’O
208-102

g £ TN A e v, .
Dllb Wwiiiadea Alv C-’BCTED l




A Simple Mode Locked Erbium Fiber Laser
KJT Inc.

1. Infroduction

Various types of mode locked fiber laser oscillators designed to produce short pulses
at wavelengths in the 1.55 micron telecommunications window have been developed
recently. Such oscillators are attractive sources of optical solitons and therefore
important in advanced high speed optical communications systems. Most mode locked
fiber oscillators have been constructed so as to minimize pulse width through the use
of specially designed amplifiers and auxillary components. These oscillators usually
required high pump powers and very often were not self starting. The objective of the
present work was the construction and characterization of a laser oscillator based on
a commercial erbium doped fiber amplifier designed to produce high gain over as
wide a spectral range near 1.55 microns with a minimum amount of pump power. From
a practical standpoint it is natural to ask whether or not such well engineered and
efficient amplifiers can be readily converted to laser oscillators operating in either the

CW or pulsed mode. Preliminary results on such a system were reported earlier.1 In
this report we describe a simple self starting diode pumped mode locked laser
oscillator which involves a minimum number of readily available parts.

ll. Experimental

The layout of the oscillator is shown in Fig. 1. Isolator
An unmodified erbium doped fiber amplifier
manufactured by Corning, Incorporated

( FiberGain Module model P3-35) was used in Polarization ¢
a unidirectional ring laser configuration. The Controler

output of the amplifier was connected to its IJ: 50/50
input through a 50/50 all fiber splitter, a ..
polarization controller, and a non- polarizing ——>
pigtailed isolator. These components were Fig. 1 Oscillator Lz
fusion spliced together to reduce etalon effects

which are known to reduce the bandwidth available for mode locking.2

. R
The time averaged output of the oscillator was measured as a function of launched




pump power using a standard power meter. The launched pump power at the
threshold for oscillation was found to be about 4 mw while the output power was 3

mW for a pump power of 25 mW.

The optical spectrum and the temporal
behavior of the oscillator output were
also examined as a function of pump
power. It was found that at threshold and
above, the output always consisted of a
CW component and a train of short pulses.
The short pulse component of the output
was completely seif starting. Fig. 2
illustrates this behavior. Here -
the output from a detector with a o T | e | ™ | nte
response time of about 100 ps displayed — .;?E-a
on an oscilloscope having a band pass of [~ s~
10 GHz is shown. Fig. 2. Oscillator output at 8 mW
pump power.

The period of the pulse train was remarkably stable and independent of pump power,
so that the signal could be averaged to accurately measure the pulse period and
average width. In the case shown in figure 2, the average pulse width was 1.3 ns,
while the period was 186 ns. The contrast between the height of the pulses and the
noise due to CW oscillation could be maximized by a carefull adjustment of the
polarization controller. It was also found that this contrast was best at low pump
powers, near the threshold for oscillation. As the pump power was increased, noise
due to CW oscillation and sporadic harmonic signals apparently caused by mode
beating also increased relative to the periodic structure. The period of the output
pulses was measured as a function of the length of the oscillator cavity. This data was
obtained by fusion splicing known lengths of standard ,
telecommunications fiber into the feed T e S
back loop. It was found that the pulse

period was strictly proportional to the cavity
length. The total optical length of the oscillator
cavity was calculated from measured values

of the period and ranged from 40 to 50 M. 388n // \\

The optical spectrum of the oscillator was // \\

also measured as a function of pump power. R s \\

Near threshold the spectrum consisted of a T Th~— _
band with a full width at hait maximum of 10352 - ey 1.
about 2 nm centered at 1.56 nm. This is RES 8. ine lra v
illustrated in figure 3. As the pump power Fig. 3 Optical spectrum near threshold.

was increased, oscillation occured in
several narrower bands as is illustrated in Fig. 4. The central band shown here had a
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half width of about 0.5 nm.

Wewratv L_ S
The temporal behavior of the oscillator R
output was also analyzed with an
autocorrelator. The result is shown in Fig.
5 for the same pump power used to obtain S A R
the data presented in Fig. 4. The presence ——— N ;
of temporal puises with a full width at half PP i #
maximum of about 35 ps. is indicated by
this data. At pump powers which yielded
the spectral data shown in Fig. 5, the

output power of the oscillator was too oA ifd PAl :
low for autocorrelation measurements 1.3000 o 1.30v1 1.2010
to be made. Fig. 4. Spectrum at 20 mW
pump power.

V. Di . | Conclusi
The appearance of a stable train of short P o F T
pulses with a period set by the length of P - S S S
the oscillator cavity indicates that some : A ?
form of self mode locking was occuring : — '
in the laser oscillator described above. b M LIS S
The presence of structure on a picosecond { '@ \ . N S S S
scale in addition to the relatively broader ~© | . W, A ¢ | ! i |
nanosecond scale pulses is further evidence ; : VYV oo

. t [} i

-e

of mode locking. A comparison of Figs. 6 T 5 i , !
and 7 indicates that this picosecond structure = mem 5% aa00 a % 0a00 F
was band width limited. It is possible that the Fig. 5. Autocorrelation trace of
observed nanosecond pulses contained trains output at 20 mW pump power. One
of picosecond puises which were not resolved major division equals 25 ps.

by the photodetection system used to obtain the

data shown in Fig. 2. This behavior has been observed in other types of erbium doped

fiber oscillators.3 The broad spectral band observed near threshold (Fig. 3) indicates
the possibilty of bandwidth limited structure as narrow as 2 ps. It is worth noting that
the self mode locking of this oscillator was completely self starting. In tact, mode
locking seemed to be the preferred method of oscillation and persisted over the entire
range of pump powers investigated. it should also be noted that the pump powers
used in this investigation were relativly low compared to those reported in other work.

It is interesting to speculate on the mechanism responsible for mode locking in the
simpie system used in this work. In the first place it should be noted that the very long
cavity employed here results in a very dense temporal mode structure. For example, a
period of 186 ns corresponds to a temporal mode separation of 8.33 MHz. The

3




narrowest optical spectrum observed in this WOrk covered a spectral range of 0.15 nm,
which corresponds to a frequency width of 11.5 GHz. This range of frequencies

overiaps approximately 1.4x103 longitudinal modes! The band width limited spectral

range required for 1.3 ns wide pulses is about 10"2 nm or 1.77 GHz. Even this narrow
spectral range includes about 200 longitudinal modes. In other words, the small
temporal mode separation due to a long cavity permits mode locking to occur over a
very small fraction of the available gain curve of the fiber amplifier, reducing the effect
of dispersion on mode separation. This makes a large number of modes with equal
separations available for mode locking, and may explain why mode locking occured
so easily in this oscillator.

There appear to be two classes of mode interactions available in the simple cavity
used in this work.These are non finear effects in the external feedback loop,such as

self phase modulation or non linear polarization rotation4+9, or non linear effects which

modulate the gain medium itself.5 it should be noted, howaver, that the peak powers
occuring in the observed mode locked pulses are relatively low, especially near the
threshold for oscillation where the most stable operation is observed. For example, for
an average power of 1.0 mW, the peak power in one of the mode locked pulses of 35
ps duration was approximately 5.3 W, assuming that no CW oscillation was occurring.
For this peak power it can be shown that the fiber length required for non linear effects

is about 112 m.” Since the maximum length of the cavity used here was 50 m, and the
estimate of the peak power made above is undoubtedly too high, non linear effects in
the external cavity can be neglected. it is more likely that non linear effects in the gain
medium itself, such as spatial or temporal saturation effects, provide the interaction
which locks the temporal modes.

in summary, we have observed completely self starting mode locked behavior at very
fow pump powers in an oscillator utilizing a simple ring cavity and a commercial diode
pumped erbium doped fiber amplifier package.
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